Non-steady state kinetic analysis of the regulation of adenylate cyclase by GTP-binding proteins.
The time course of cAMP production by S49 cell membranes in the presence of forskolin and a nonhydrolyzable GTP analog can yield information about the regulation of adenylate cyclase by both the inhibitory and stimulatory GTP-binding proteins (Gi and Gs). The time courses are complex and interpretation in terms of the activities of G1 and Gs requires a quantitative hypothesis. We present a general quantitative hypothesis that defines adenylate cyclase as existing in a distribution of two states, active and inactive. Gi and Gs, in their active states, alter the equilibrium of this distribution. Two distinct models are derived based on this hypothesis to accommodate two different proposed mechanisms for the action of Gi to inhibit adenylate cyclase: 1) a direct interaction between Gi and the catalytic subunit of adenylate cyclase and 2) a direct interaction between Gi and Gs. Perturbations of the regulation of adenylate cyclase by pertussis toxin and phorbol ester are simulated and interpreted using the models. The effect of pertussis toxin is quantitatively reconciled by decreases in the guanine nucleotide-independent adenylate cyclase activity and in the apparent rate of activation of Gi from 2.0/min to 0.01/min. The effect of phorbol ester is best accommodated by the model as a change in the distribution of active and inactive adenylate cyclase from 36% initially active to 47% active after phorbol ester treatment, without postulating any effect of phorbol ester on Gi or Gs. Both of these interpretations are independent of the model used. The effect of forskolin is also examined within the context of the two models. The results of this examination suggest an experimental approach for testing the models. These examples illustrate the usefulness of quantitative analysis of time course data using a model for the regulation of adenylate cyclase. We propose that, with this combined experimental and theoretical approach, one can address the relevance of hypotheses generated from experimental studies with isolated components to the molecular mechanisms of adenylate cyclase regulation in cellular membranes.